injuries [29] . Types IV to VI often result from motor vehicle collisions, motorcycle collisions, and falls from a height [1] . Finally, although the first four types are unicondylar fractures, Types V and VI are bicondylar.
Schatzker et al. emphasized that their classification system, hereafter referred to as the Schatzker system, was based on fracture pattern. Also, each fracture's pattern, as they classified, helped to direct the appropriate operative treatment modality, such as lag screws, buttress plates, or both (as sometimes is done for bicondylar fractures), and to point to the need for elevation of the depressed joint surface and maintenance with bone graft (for depressed fractures). They noted that operatively treated fractures had better results than those treated nonoperatively and that osteoporotic bone fared worse in patients treated operatively and nonoperatively [29] .
Purpose
Tibial plateau fractures are relatively uncommon, representing approximately 1.2% of all fractures [10] . These fractures are seen predominantly in two groups: as higherenergy injuries in younger people and as lower-energy fractures in elderly patients secondary to osteopenia [10] . In the former population, in particular, these injuries are associated with an increased incidence of complications including nonunion, infection, loss of motion, and posttraumatic arthritis [26] . Classifying these injuries is important to guide treatment, categorize research into clinical interventions, describe prognosis, and facilitate communication regarding all patients with these injuries.
Tibial plateau fractures present across the full spectrum, from nondisplaced closed injuries that heal readily with protected weightbearing through complex fracture patterns Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. [1, 4, 10, 11] . As with other intraarticular fractures, the goals of treatment of tibial plateau fractures include achieving a stable knee, restoring the joint surface, and preserving functional ROM. Although other classification systems have been described [15-17, 19, 25] , two are in most common use: the AO/OTA and Schatzker systems [11] . Of those, the rubric used by the Schatzker system is perhaps the more popular and easily recognized, in large part because of its simplicity.
By classifying a tibial plateau fracture using this system, orthopaedic surgeons communicate information regarding the level of energy of the fracture (high versus low), the potential need for extensile or dual incisions to address fractures involving both condyles or those with significant posterior involvement, and the possibility of associated soft tissue injury (split-depression fractures are associated with lateral meniscal and medial collateral ligament (MCL) injuries [13] ). Schatzker Types II and IV fractures have been associated with the highest frequency of soft tissue injury, including lateral meniscal and MCL injuries [4] . Eighteen percent of patients with Type VI fractures had compartment syndrome in a study by Stark et al. [30] . Type IV or medial plateau fractures often are thought to represent transient knee dislocation events; as such, these require careful neurovascular examination, including ankle-brachial indices and a thorough neurologic examination at a minimum.
Validation
A classification system's reliability can be evaluated by measuring its interobserver and intraobserver agreement. The Schatzker system was designed to classify fracture patterns seen on plain radiographs, but when plain radiographs are used alone, interobserver kappa values have varied widely, from 0.38 to 0.68 [6, 8, 9, 21, 31, 34, 36] .
Similarly, kappa values for intraobserver reliability have ranged from 0.57 to 0.91 [6, 8, 9, 21, 31, 34] .
Since CT has become commonplace for preoperative planning, many studies have measured the effect of including CT on interobserver and intraobserver reliability [6, 8, 12, 13, 31] . Although this has not been systematically reviewed, authors generally have higher kappa coefficients when CT is used in addition to plain radiographs [6, 18, 36] . The addition of two-dimensional (2-D) CT has yielded interobserver kappa values ranging from 0.46 to 0.75 [6, 8, 12, 13, 31] . Including three-dimensional (3-D) reconstructions of CT images reportedly improves interobserver reliability to between 0.596 and 0.85 [12, 18] . The addition of MRI has yielded interobserver reliability at 0.85 in one study whose authors recommend routine preoperative MRI instead of CT of tibial plateau fractures for preoperative planning [36] ; to our knowledge, this finding has not been confirmed by others. The broad range of kappa values for interobserver agreement among various studies likely results from differences in study design, in particular, the level of experience of the various observers chosen. Like interobserver agreement, intraobserver agreement has varied. Some of this variation depends on the imaging used; for example, when CT images are added to plain radiographs, the intraobserver reliability is generally good to excellent, ranging from 0.57 to 0.89 [6, 8, 12, 18, 31] .
The other commonly used classification system for these fractures is the AO/OTA system. Neither has been proven superior to the other. Walton et al. [34] found the AO/OTA classification system to be more reliable among observers than the Schatzker system, but Maripuri et al. [21] concluded that the Schatzker system had higher interobserver reliability than other classification systems including the AO/OTA system. Although the interobserver reliability of the Schatzker system can be improved by adding 2-D CT [6, 36] , 3-D CT [18] , or MRI [36] to plain radiographs, authors have not recommended consistently that advanced imaging is advantageous for purposes of classification. For example, some authors have concluded that the added value of 3-D CT is limited [12] , that CT should not be obtained routinely [31] , and that CT should be obtained for preoperative planning rather than improvement in classification [8] , although they note that classification, in this sense, is intended to guide treatment and, therefore, may be appropriate.
Limitations
Investigators have commented on numerous shortcomings of the Schatzker system. Because it was designed for classification based on AP radiographs, the system does not include injury patterns with major fracture lines in the coronal plane or those simply not visible on plain radiographs. Posteromedial fragments are seen in 59% to 74% of bicondylar fractures [3, 14] ; these are important, because they affect the surgical plan in terms of patient positioning, surgical approach, and incision placement [1, 2, 5, 20, 27, 35] . To address this limitation, Luo et al. [20] developed a ''three-column'' model based on axial (CT) imaging to classify tibial plateau fractures as having medial, lateral, and posterior column involvement. This system identifies posterior fractures needing posterior fixation. Although such fractures are typical of Types V and VI of the Schatzker system, the Schatzker system is not able to indicate if a posterior approach would be necessary [20] .
Type IV fractures, or medial plateau fractures, were further classified by Wahlquist et al. [33] by categorizing fractures by their articular exit point relative to the tibial spine, because considering the injuries in this way may help predict the presence of an important soft tissue component to these injuries that is not captured by using the Schatzker system alone. In particular, Wahlquist et al. found that the incidence of compartment syndrome was 14% for Type A, 33% for Type B, and 67% for Type C, where Types A, B, and C are medial to, at, and lateral to the level of the tibial spine, respectively. Some rare fracture types are unclassifiable, such as a horizontal shear of the entire plateau reported by Mohanlal and Nathan [23] . Recognizing that treatment of high-energy, comminuted bicondylar plateau fractures represents a particular challenge, in 1992, Honkonen and Järvinen expanded the Schatzker classification by subclassifying Type VI (bicondylar) fractures into those with lateral (valgus) tilt and medial (varus) tilt [17] . In 2000, Khan et al. introduced a topographic and morphologic classification system that introduced a new fracture type: subcondylar, bicondylar with coronal split [19] .
The condition of the soft tissue envelope is another important consideration in preoperative planning, treatment, and prognosis for fractures of the tibial plateau, and, obviously, this important clinical element lies outside the scope of the rubric of the Schatzker system. Some argue that fracture classification should indicate the severity of the associated soft tissue injuries including the collateral and cruciate ligaments, menisci, and neurovascular structures [7, 32] , although most classification schemes do not include these elements.
Fracture-dislocation injuries of the knee can be distinguished from tibial plateau fractures [24] , but certain plateau fracture patterns, namely posterior, posteromedial, and medial plateau shear-type fractures, may represent a transient dislocation event and warrant appropriate workup including neurologic and vascular assessments. These, too, lie outside the scope of the Schatzker system.
Conclusions
Classifying tibial plateau fractures is important for physician-to-physician communication (for clinical and research purposes), for estimation of prognosis, and for planning surgery; however, the possible patterns of injury are innumerable, and no classification system can capture all injuries. Moreover, many variables contribute to preoperative planning, positioning, surgical approach, method of fixation, and prognosis; many relate to the soft tissue envelope (compartment syndrome), associated injuries (meniscal or ligamentous), and the overall condition of the patient who often has polytrauma.
Although the Orthopaedic Trauma Association uses the AO/OTA fracture classification system owing to its applicability to many extremities, the classification described by Schatzker et al. remains a relatively simple and familiar system for the tibial plateau.
However, its inconsistent and somewhat limited interobserver reliability is a shortcoming, and one suspects future classification systems or modifications to this one likely will incorporate axial imaging to describe comminuted, oblique, and sagittal fracture patterns; this is all the more important where high-energy injuries are concerned. Accurate surgical treatment requires a detailed 3-D description and understanding of fracture anatomy.
Even so, the Schatzker system has many advantages, including its familiarity, ease of use, and generally good reliability. Its major shortcomings come into play where complex, high-energy fracture patterns are concerned, and when 3-D imaging tools are required, findings from which were not included in the original rubric.
